r Lifestyle modifications that include the regular performance of exercise are probably important for counteracting the negative consequences of obesity on postprandial myofibrillar protein synthetic responses to protein dense food ingestion.
Introduction
Obesity is associated with metabolic alterations during the postprandial period (Golay et al. 1986 ), many of which stem from impaired skeletal muscle metabolism (e.g. insulin resistance) (Bajpeyi et al. 2011) . Specifically, several studies have reported a reduced stimulation of the muscle protein synthetic response to amino acid provision in obese adults compared to normal weight controls (Guillet et al. 2009; Chevalier et al. 2015; Murton et al. 2015; Beals et al. 2016; Smeuninx et al. 2017) . Interestingly, it appears that this anabolic resistance of postprandial muscle protein synthesis rates in response to exogenous amino acid administration may be confined to distinct muscle protein subfractions (Guillet et al. 2009; Chevalier et al. 2015; Murton et al. 2015; Beals et al. 2016 Beals et al. , 2017 . For example, we have recently demonstrated an impairment in the stimulation of postprandial myofibrillar protein synthesis rates (Beals et al. 2016) but not mitochondrial protein synthesis rates ) after ingestion of protein-dense food in sedentary obese vs. normal-weight adults. The apparent lack of a stimulation of postprandial myofibrillar protein synthesis rates with obesity may be related to alterations in anabolic and/or inflammatory signalling in response to increased dietary amino acid availability in the circulation (Beals et al. 2016 . This obesity-related anabolic resistance of myofibrillar proteins to dietary protein is concerning because this protein pool is the most primary and abundant repository of amino acids within skeletal muscles. Hence, the maintenance of the myofibrillar protein fraction is especially relevant for maintaining overall muscle mass and quality throughout adult life.
Resistance exercise is widely recognized as a fundamental anabolic stimulus by increasing mammalian target of rapamycin complex 1 (mTORC1) phosphorylation and subsequently facilitating more effective use of circulating dietary amino acids for the stimulation of postprandial myofibrillar protein synthesis rates but not the sarcoplasmic protein fraction (Moore et al. 2009; Burd et al. 2011b) compared to the resting-state in healthy young adults (Moore et al. 2009; Pennings et al. 2011) . Importantly, the performance of acute resistance exercise prior to eating a protein dense meal has been shown to maximize the postprandial myofibrillar protein synthetic response in other populations with anabolic resistance, such as the elderly (Yang et al. 2012) . Despite this, the efficacy of resistance exercise to augment postprandial muscle protein subfractional synthetic rates has yet to be examined in adults with obesity.
Therefore, the present study aimed to gain an understanding into how human skeletal muscle tissue remodels within the myofibrillar and sarcoplasmic protein fractions in response to the main anabolic stimuli to skeletal muscle tissue, protein ingestion and exercise, in obese and normal weight adults. In addition, we aimed to assess the impact of obesity, exercise and their relationship to muscle inflammatory responses during post-exercise recovery. We used a unilateral exercise model to allow us to simultaneously assess the effects of food ingestion in the exercise and non-exercise states. We hypothesized that resistance exercise prior to protein dense food ingestion (36 g of protein and 4 g of fat) would potentiate the phosphorylation of mTORC1 signalling and myofibrillar protein synthesis rates but not the sarcoplasmic fraction compared to the non-exercise leg in both obese and normal weight adults. Moreover, we hypothesized that muscle inflammatory pathways related to TLR4/MyD88 and nuclear factor kappa B (NF-κB) signalling would be upregulated with obesity and remain unresponsive, irrespective of fat mass, to resistance exercise prescribed to maximize myofibrillar protein synthesis (i.e. 4 sets × 10-12 repetitions performed to volitional fatigue) (Burd et al. 2010a) . 
Methods

Participants and ethical approval
Nine normal-weight (NW) (21 ± 1 years, body mass index 21.9 ± 0.5 kg m −2 ) and nine obese (OB) (22 ± 1 years, body mass index 35.7 ± 2.3 kg m −2 ) men and women were enrolled to participate in the present study. Participants were not involved in a regular exercise-training programme and were considered as insufficiently active based on a Godin leisure-time exercise questionnaire (GLTEQ < 14 units) (Godin & Shephard, 1997) . Participant characteristics are presented in Table 1 . All participants were considered healthy based on responses to a routine medical screening questionnaire and had no prior history of participating in stable isotope amino acid tracer experiments. Each participant was informed of the purpose of the study, the experimental procedures and all of the potential risks prior to providing their written consent to participate. The study was approved by the University of Illinois Institutional Review Board (IRB approval #16699) and conformed to standards for the use of human participants in research as outlined in the Declaration of Helsinki. This trial was registered at clinicaltrials.gov as NCT03411681.
Baseline procedures
Prior to the infusion trial, participants reported to the laboratory on two separate occasions in the morning. On the first visit, body weight and height were measured, as well as body composition by dual-energy X-ray absorptiometry (QDR 4500A; Hologic, Marlborough, MA, USA). Participant waist-to-hip ratio was also measured using the minimum waist-maximum hip method (Shetterly et al. 1993) . Finally, participants were familiarized with unilateral leg extension and the 10-repetition maximum (10RM) procedure. On a separate occasion, each subject arrived at the laboratory after an overnight fast for the determination of oral glucose tolerance. Blood glucose concentrations were determined before and after consumption of 75 g of glucose dissolved in 500 mL of water. At the end of this visit, participant's unilateral 10RM for leg extension was assessed and used to determine exercise loads for the infusion protocol. The leg selected for exercise was randomized and counterbalanced for leg dominance across groups and sex. Obtained 10RMs were then used to estimate the participants' single repetition maximum (Brzycki, 1993; Nascimento et al. 2007 ). In addition, participants were instructed to refrain from vigorous physical activity and alcohol, and to maintain their normal dietary intakes. Food records were obtained during the 3 days prior to the infusion using the Automated Self-Administered Recall System (ASA24 version 2016; National Cancer Institute, Rockville, MD, USA) (Subar et al. 2012) . Dietary macronutrient intakes are reported in Table 2 .
Infusion protocol
The protocol for the infusion trials is presented in Fig. 1 . On the day of the infusion trial, participants reported to the laboratory at ß07.00 h after a 10 h fast. An IV catheter was inserted into an antecubital vein for baseline blood sample collection, after which a primed [2 μmol kg lean ]phenylalanine was initiated (t = −180 min) and maintained until the end of the trial. A second IV catheter was placed in a contralateral dorsal hand vein and placed in a heated blanket for repeated arterialized blood sampling. In the post-absorptive state, muscle biopsies of the vastus lateralis were collected at 0 min of infusion from the non-exercised control leg (CON). Subsequently, participants performed unilateral leg extension exercise [4 × 10-12 at 65-70% one repetition maximum (1RM)] to volitional failure. Upon completion, participants consumed 170 g of lean ground pork (36 g protein, ß3.3 g leucine, 4 g fat). Additional muscle biopsies were collected from both the exercised (EX) and CON legs at 120 and 300 min after pork ingestion. The biopsies were collected from the middle region of the vastus lateralis (ß15 cm above the patella) with a Bergström needle under local anaesthesia. All muscle biopsy samples were freed from any visible adipose, connective tissue and blood, immediately frozen in liquid nitrogen, and stored at −80˚C until subsequent analysis. Arterialized blood samples were drawn every 30 or 60 min during the post-absorptive and postprandial-states and placed in pre-chilled EDTA tubes. Blood samples (8 mL) were collected in EDTA-containing tubes and centrifuged at 3000 g at 4˚C for 10 min. Aliquots of plasma were frozen and stored at −80˚C until subsequent analysis.
Meal composition
Lean centre-cut pork loins were homogenized, ground and then individually packaged and stored at −20°C until each experimental trial. Prior to the infusion trial, the pork was thawed overnight at 4°C and grilled until the inner temperature reached 65°C. Proximate analysis of centre-cut pork loin was performed as described previously (Novakofski et al. 1989; Beals et al. 2016) . The ground pork patty (170 g) provided 36 g of protein and 4 g of fat. This amount of pork was selected because it represents a typical amount of protein consumed at dinner by US adults (USDA Agricultural Research Service, 2016). 
Blood analysis
Glucose and lactate concentrations were analysed in whole blood using an automated biochemical analyser (YSI 2300 Stat Plus; YSI, Yellow Springs, OH, USA). Plasma insulin and C-reactive protein (CRP) concentrations were determined using commercially available enzyme-linked immunosorbent assays (ALPCO, Salem, NH, USA). Plasma amino acid enrichments and concentrations were determined by gas chromatography/mass spectrometry (GC/MS) analysis (Model 7890A GC/5975C; Agilent Technologies Inc., Santa Clara, CA, USA) as described previously (Beals et al. 2016) . Briefly, plasma samples were deproteinized and converted into tertbutyldimethylsilyl derivatives prior to GC/MS analysis. Plasma L-[ring-13 C 6 ]phenylalanine enrichments were determined using electron impact ionization by ion monitoring at m/z 336 (m+0) and 342 (m+6) for unlabelled and labelled phenylalanine, respectively. Amino acid concentrations were quantified using AMDIS, version 2.71 (NIST, Gaithersburg, MD, USA) and standards with known concentrations.
Muscle protein synthesis
Muscle intracellular (IC) amino acids were extracted from ß15 mg of wet muscle in 0.6 м perchloric acid. Myofibrillar and sarcoplasmic protein-enriched fractions were extracted from ß50 mg of wet muscle as described previously (Burd et al. 2015) . A portion (100 μL) of the resultant muscle homogenate was reserved for sarcoplasmic protein synthesis measurements. The remaining muscle homogenate was stored at −80°C for subsequent western blot analyses. Myofibrillar and sarcoplasmic protein fractions were hydrolysed overnight in 6 м HCl at 110°C. The resultant free amino acids (IC, myofibrillar, sarcoplasmic protein fractions) were purified using cation exchange chromatography (Dowex 50W-X8-200 resin; Acros Organics, Geel, Belgium) and dried under vacuum. Free amino acids were re-suspended in 60% methanol and centrifuged before analysis using 5500 QTRAP (Sciex, Redwood City, CA, USA) liquid chromatography-tandem mass spectrometry in accordance with a previously reported methodology (Beals et al. 2016 . The L-[ring-13 C 6 ]phenylalanine enrichments were determined by multiple reaction monitoring at m/z 166.0 → 103.0 and 172.0 → 109.0 for unlabelled and labelled L-[ring-13 C 6 ]phenylalanine, respectively. Analyst, version 1.6.2 (Sciex) was used for data acquisition and analysis.
Western blotting
A portion of muscle homogenates isolated during the myofibrillar protein extractions was used for western blotting analysis. Phosphorylation status and total protein content of mammalian target of rapamycin complex 1 at Ser2448 (mTORC1: 1°dilution 1:500, catalogue number 2971; Cell Signaling Technology, Beverly, MA USA), 70 kDa S6 protein kinase 1 at Thr389 (p70S6K: 1°dilution 1:500, catalogue number 9205; Cell Signaling Technology), eukaryotic initiation factor 4E binding protein 1 at Thr37/46 (4E-BP1: 1°dilution 1:1000, catalogue number 9459; Cell Signaling Technology) and nuclear factor-kappa B (NF-κB) at Ser468 (NF-κB: 1°d ilution 1:1000, catalogue number 3039; Cell Signaling Technology) were determined using antibodies purchased from Cell Signaling Technology. Muscle protein content was also determined for Toll-like receptor 4 (TLR4: 1°dilution 1:500, catalogue number 13556; Abcam, Cambridge, MA, USA) and myeloid differentiation factor 88 (MyD88: 1°dilution 1:1000, catalogue number 4283; Cell Signaling Technology). Protein content of the homogenate was determined by Bradford Assay (Bio-Rad, Hercules, CA, USA) and then equal amounts of protein were separated by SDS-PAGE before being transferred to either nitrocellulose (mTORC1 and TLR4) or polyvinyl difluoride membranes (p70S6K, 4E-BP1, MyD88 and NF-κB). After blocking with either 5% BSA (mTORC1, 4E-BP1, MyD88, NF-κB) or 5% milk (p70S6K, TLR4), membranes were incubated in primary antibodies overnight at 4°C. Membranes from the respective proteins were then incubated with appropriate secondary antibodies and protein content was detected using West Femto Maximum Sensitivity substrate (SuperSignal; Thermo Scientific, Waltham, MA, USA) and the ChemiDoc XRS+ Imaging System (Bio-Rad) and by comparing molecular weights with pre-stained protein standards (Kaleidoscope; Bio-Rad). After detection of phosphorylated proteins, membranes were stripped with western blot stripping buffer (Restore; Thermo Scientific) and re-incubated with antibodies against total protein. Western blot data were normalized to an internal control (α-tubulin: 1°dilution 1:5000, catalogue number 4074; Abcam). Bands were quantified using ImageJ (NIH, Bethesda, MD, USA), normalized to a control sample run on each blot to account for inter-blot variability.
Calculations
Homeostasis model assessment of insulin resistance (HOMA-IR) was calculated using the fasting glucose and insulin values from the oral glucose tolerance test (OGTT) (Glucose fast × Insulin fast /22.5) (Matthews et al. 1985) . The fractional synthetic rates (FSR) of myofibrillar and sarcoplasmic proteins were calculated using standard precursor-product methods by dividing the increment in tracer enrichment in the protein fractions by the enrichment of IC free precursor surrogate pools over time. For the calculation of muscle protein FSR at 0-300 min, the change in phenylalanine labelling between the muscle biopsies collected at t = −15 and 300 min was used. For the calculation of FSR at 0-120 min, the increment in muscle tracer enrichment between t = −15 and 120 min was used. For the calculation of FSR at 120-300 min, the increment in muscle tracer enrichment from t = 120 and 300 min was used. The baseline muscle-bound enrichment for the calculation of resting muscle protein synthesis rates was estimated using mixed proteins in plasma collected prior to initiation of the infusion as described in detail elsewhere (Burd et al. 2011a .
Statistical analysis
Differences in myofibrillar and sarcoplasmic protein synthesis, plasma and intracellular enrichments, muscle signalling proteins, blood glucose and lactate, and plasma insulin were determined using factorial ANOVA with repeated measures on time. Bonferroni post hoc tests were used to compare means whenever significant interactions were observed. Body composition, demographics, exercise variables, dietary intake, HOMA-IR and plasma CRP, as well as net area under the blood glucose, plasma insulin and AA curves (AUC), were analysed using unpaired Student's t tests. For all analyses, P < 0.05 was considered statistically significant. All calculations were performed using SPSS, version 20 (IBM Corp., Armonk, NY, USA). Data are expressed as the mean ± SEM.
Results
OGTT
Data obtained during the OGTT are presented in Table 1 . Blood glucose was similar among groups at baseline (P = 0.33). However, at 120 min post-beverage consumption, blood glucose was greater in the OB (110.3 ± 8.3 mg dL −1 ) compared to the NW (81.6 ± 3.9 mg dL −1 ; P = 0.008) group. Fasting insulin was greater (P = 0.01) in the OB (19.0 ± 3.2 μIU mL −1 ) compared to the NW (8.5 ± 1.1 μIU mL −1 ) group. Similarly, HOMA-IR was greater (P = 0.01) in the OB (3.88 ± 0.70) compared to the NW (1.73 ± 0.25) group. Fasting CRP was not different between groups (P = 0.19).
Resistance exercise
Exercise performance variables are presented in Table 3 . Total external work [repetitions × load (kg)] performed during resistance exercise was similar between groups (NW: 1610 ± 164 kg; OB: 1888 ± 154 kg, P = 0.23). However, total external work relative to the lean mass of the EX leg (leg LM) was greater in the NW (196.4 ± 3.1 kg kg leg LM −1 ) compared to the OB (176.0 ± 7.7 kg kg leg LM −1 ; P = 0.03) group. Resistance exercise increased blood lactate concentrations similarly between the NW and OB groups (absolute change J Physiol 596.21 from pre-exercise NW: 3.80 ± 0.93 mM; OB: 3.40 ± 0.52 mM; Exercise effect: P < 0.001; Group effect: P = 0.30).
Blood variables
Blood glucose concentrations did not change after pork ingestion (P < 0.05), with no differences between the NW and OB groups (P < 0.05) ( Fig. 2A) . Basal insulin concentrations were ß3.2-fold greater in the OB (19.0 ± 3.4 μIU mL −1 ) compared to the NW (8.2 ± 0.9 μIU mL −1 ) group (Fig. 2B) . Plasma insulin concentrations increased similarly above basal in both groups (Time effect: P = 0.02; Group × Time: P = 0.36). However, plasma insulin concentrations were greater in the OB group throughout the infusion trial compared to the NW group (Group effect: P = 0.002). Plasma essential amino acid (EAA) concentrations were not different at baseline (P = 0.89) and increased similarly after pork ingestion in the NW and OB groups (Time effect: P < 0.001) with peak values at 90 min of the postprandial period (Fig. 2C) . Moreover, the net area under the concentration × time curve (AUC) for EAA was similar between groups (P = 0.92). Similarly, plasma branched chain amino acid (BCAA) concentrations increased after pork ingestion, with no differences between groups (Time effect: P < 0.001) (Fig. 2D) .
Muscle inflammatory signalling
Basal muscle TLR4 protein content was similar among groups (P = 0.22) (Fig. 3A) . Pork ingestion did not affect muscle TLR4 protein concentrations in either the CON or EX legs of NW (all P > 0.05). By contrast, muscle TLR4 protein content in the muscle of the OB group was elevated above basal in both the CON and EX legs at 300 min (P < 0.05); however, muscle TLR4 protein content was reduced in the EX compared to the CON leg of the OB group (P = 0.04). Total MyD88 protein contents were stable, with no effect of pork ingestion or exercise in the CON or EX legs of the NW and OB groups (all P > 0.05) (Fig. 3B) .
Muscle relative abundance of NF-κB protein is shown in Fig. 3C . Relative NF-κB protein content was similar among groups throughout the trial (Group effect: P = 0.97). Pork ingestion increased NF-κB protein content at 300 min in both the EX and CON legs of both groups (Time effect: P = 0.002), with no differences between the EX and CON legs (P > 0.05). The phosphorylation state of NF-κB at Ser468 was also similar among groups during the infusion trials (P = 0.98) (Fig. 3D) . The phosphorylation state of NF-κB increased in response to pork ingestion similarly in in both the EX and CON legs of each group (Time effect: P = 0.006). There were no differences in the phosphorylation state of NF-κB between the EX and CON legs in either group (P = 0.85).
Muscle anabolic signalling
Relative total protein content for mTORC1 were stable after pork ingestion (P = 0.21) or exercise (P = 0.93) in both the NW and OB groups. However, total mTORC1 protein content was 2.3-fold greater at basal in the OB group compared to the NW group (Group effect: P = 0.03) (Fig. 4A) . The phosphorylation state of mTORC1 at Ser2448 was also unaffected by pork ingestion (P = 0.84) or exercise (P = 0.66) in the NW and OB groups throughout the 0-300 min postprandial period. However, there was a trend for an increased mTORC1 phosphorylation state in NW compared to the OB group (Group effect: P = 0.08) (Fig. 4B) . Total p70S6K protein content was 1.6-fold greater at basal in the OB group compared to the NW group (Group effect: P = 0.02) (Fig. 4C) . However, protein ingestion (P = 0.27) or resistance exercise (P = 0.26) did not alter total p70S6K protein content in either group throughout the 0-300 min postprandial period. At basal, p70S6K phosphorylation at Thr389 was lower in OB group compared to the NW group (P = 0.04) (Fig. 4D) . The phosphorylation state of p70S6K was increased above basal at 120 and 300 min in the CON and EX legs of the NW group (both P < 0.05), with no differences between CON and EX (all P > 0.05). By contrast, at 120 min of the postprandial period, the p70S6K phosphorylation state was only increased above basal in the EX leg of OB group (P = 0.01). At 300 min, the p70S6K phosphorylation state was increased in both the CON and EX legs (both P > 0.05). However, in the EX leg, there was a lower p70S6K phosphorylation state in the OB group compared to the NW group (P = 0.05).
Relative total muscle 4E-BP1 protein content is shown in Fig. 4E . Muscle 4E-BP1 protein content was similar among groups throughout the trial (Group effect: P = 0.57). 4E-BP1 protein content increased similarly among groups at 300 min after pork ingestion in both the EX and CON legs of both groups (Time effect: P = 0.002), with no differences between the EX and CON legs (P>0.05). Phosphorylation of 4E-BP1 at Thr37/46 was not different between groups at basal (P = 0.19). The phosphorylation state of 4E-BP1 decreased at 300 min after pork ingestion in the CON leg of both groups (P < 0.05). Resistance exercise increased the phosphorylation state of 4E-BP1 at 120 min after pork ingestion in the NW group (P = 0.03) but not the OB group (P = 0.62).
The phosphorylation state of 4E-BP1 was lower in both the EX and CON legs of the OB group at 300 min after pork ingestion compared to the NW group (P = 0.01).
Plasma and intracellular precursor enrichments
Plasma and IC free L-[ring-13 C 6 ]phenylalanine enrichments are shown in Fig. 5 . Plasma L-[ring-13 C 6 ]phenylalanine enrichments were steady during the post-absorptive period, but decreased after pork ingestion at 90 and 120 min of the postprandial period (Time effect: P = 0.002), with no group differences (P = 0.29). IC L-[ring-13 C 6 ]phenylalanine enrichments also decreased at 120 min of the postprandial period (Time effect: P = 0.01), with no differences observed between groups (group effect: P = 0.22). In addition, IC enrichments were also greater in EX compared to CON legs (exercise effect: P = 0.03).
Muscle protein synthesis
Sarcoplasmic and myofibrillar protein synthesis rates calculated using the intracellular precursor pool are presented in Fig. 6 . Basal sarcoplasmic protein synthesis rates did not differ between the NW and OB groups (P = 0.72) (Fig. 6A) . Postprandial sarcoplasmic protein synthesis rates increased similarly in CON leg after pork ingestion throughout the 0-300 min postprandial period in the NW and OB groups (P = 0.45). Moreover, there were no differences observed in the EX vs. CON legs throughout the 0-300 min postprandial period in the NW or OB groups (P = 0.52). The time course of stimulation of sarcoplasmic protein synthesis rates after pork ingestion is shown in Table 4 . Sarcoplasmic protein synthesis rates increased in the CON leg at 0-120 min and 120-300 min (P < 0.05), with no group differences (P = 0.30). However, postprandial sarcoplasmic protein synthesis rates only increased in the EX leg of the OB group at 0-120 min and were greater than the response observed in the NW group (P = 0.03). Sarcoplasmic protein synthesis rates were similar at 120-300 min after pork ingestion in the EX leg in the NW and OB groups (P = 0.31).
Basal myofibrillar protein synthesis rates were similar between NW and OB groups (P = 0.42) (Fig. 6B) . Cumulative (0-300 min) myofibrillar protein synthesis rates were stimulated in the EX and CON legs after pork ingestion in both the NW and OB groups. However, the postprandial myofibrillar protein synthetic response was stimulated to a greater extent in the EX vs. CON legs in the NW group (absolute difference from CON: 0.052 ± 0.016 % h −1 ; P = 0.03) but not in the OB group (absolute difference from CON: −0.001 ± 0.015 % h −1 ; P = 1.00). The time course of stimulation of the myofibrillar protein synthetic responses is shown in Table 4 . Pork ingestion stimulated postprandial myofibrillar protein synthesis rates above basal values in the CON legs at 0-120 and 120-300 min of the postprandial period with no group differences (all P > 0.05). Postprandial myofibrillar protein synthesis rates were greater in EX than CON leg at 0-120 and 120-300 min after pork ingestion in the NW group (P < 0.05). However, postprandial myofibrillar protein synthesis rates in the EX-state were not stimulated above those of CON (P > 0.05) and were lower in the OB compared to the NW group (P < 0.05).
Discussion
To our knowledge, this is the first assessment of muscle anabolic and inflammatory signalling, as well as changes in myofibrillar and sarcoplasmic protein synthesis rates, after protein dense food ingestion in the non-exercise and exercise-states in people with obesity. Here, we show that myofibrillar and sarcoplasmic protein synthesis rates are similarly enhanced with pork ingestion in the non-exercise leg in both the NW and OB groups. However, resistance exercise potentiated the fed-state synthetic response only within the myofibrillar protein fraction in the NW group, and not in the OB group. The stimulation of sarcoplasmic protein synthesis rates was feeding responsive, with no additive effect of prior resistance exercise on this protein fraction, irrespective of body mass index score. What is noteworthy is that this blunted post-exercise myofibrillar protein synthetic response with obesity occurred despite a lack of clear differences in habitual physical activity levels or systemic inflammation between the groups ( Table 1) . Muscle protein synthesis Sarcoplasmic (A) and myofibrillar (B) FSR calculated using the muscle-free L-[ring-13 C 6 ]phenylalanine as a precursor at basal and after (0-300 min) the ingestion of pork (n = 9 per group) in both the non-exercised (CON) and exercised (EX) leg. Immediately prior to pork ingestion, participants performed a bout of unilateral leg extension exercise. Data are the mean ± SEM. * P < 0.05 vs. basal, †P < 0.05 vs. CON leg, ‡P < 0.05 vs. NW group. excess adiposity attenuated the effectiveness of resistance exercise to potentiate the fed-state myofibrillar protein synthetic response in otherwise healthy young adults. Previous reports have emphasized the importance of resistance exercise volume (Burd et al. 2010a ) and the achievement of bulk muscle fibre recruitment (Burd et al. 2010b) as important anabolic factors for maximizing the postprandial myofibrillar protein synthetic response during recovery from resistance exercise in healthy young adults. Based on this, we provided (or what we considered to be) a potent resistance exercise prescription to maximize fed-state myofibrillar protein synthesis rates. Specifically, the volunteers performed resistance exercise at four sets × 10-12 repetitions, with each set performed to volitional failure, which generally serves as a proxy indicator for a strong stimulus being provided to maximize muscle fibre recruitment patterns in both the NW and OB groups (Potvin & Fuglevand, 2017) . Moreover, both the NW and OB groups performed similar amounts of external total work [repetitions × load (kg)] in both absolute terms and when expressed relative to maximal strength (Table 3) , which resulted in similar blood lactate concentrations immediately after resistance exercise. The amount of external work performed during resistance exercise has been shown to directly influence both the amplitude and the duration of the stimulation of post-exercise myofibrillar protein synthesis rates (Burd et al. 2010b) . Hence, it would appear that a sufficient and equivalent resistance exercise stimulus was provided to both the NW and OB groups. What is noteworthy, however, is that obesity is associated with greater total lean mass compared to normal weight individuals in this data set and others (Forbes & Welle, 1983; Beals et al. 2016) . Therefore, we compared the amount of external work performed relative to the lean mass of the exercised leg. We observed that the NW group performed more total work per leg lean mass, despite both groups exercising at a high level of effort and until voluntary failure. Thus, it could be speculated that the 'quality' of the overall contractile stimulus on skeletal muscle tissue was reduced in the OB compared to the NW group. We did not assess electromyography during exercise and, as such, it is not possible to determine whether muscle fibre recruitment patterns were different between the OB and NW groups. Notwithstanding, studies in ageing populations, who also display anabolic resistance (Wall et al. 2015) , have shown that more resistance exercise volume is required to elicit a robust post-exercise myofibrillar protein synthetic response compared to their younger-counterparts (Kumar et al. 2012 ). Therefore, it is possible that we under-prescribed resistance exercise and subsequently missed an opportunity to maximize the anabolic potential of resistance exercise to counteract the negative consequences of obesity on myofibrillar protein remodelling, despite providing an exercise prescription exceeding current exercise recommendations for novice weight lifters (ACSM, 2009; Donnelly et al. 2009; CSEP, 2011) .
Similar to previous efforts (Moore et al. 2009; Burd et al. 2011b) , we show that resistance exercise had no additional effect on the stimulation of postprandial sarcoplasmic protein synthesis rates in the OB or NW groups. Interestingly, the time course in the stimulation of sarcoplasmic protein synthesis rates was different at 2 h after protein dense food ingestion in the EX-state between NW and OB groups. Specifically, the postprandial sarcoplasmic protein response in the EX-state was greater at 0-2 h in the OB group compared to the NW group. Given that the synthesis rates of myofibrillar protein fraction were robustly stimulated in the NW group at 0-2 h compared to the OB group, it appears that perhaps with resistance exercise the dietary amino acids remained confined to the more rapidly turning over sarcoplasmic pool in obese muscles as opposed to being used for post-exercise myofibrillar protein accretion.
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The cellular mechanisms that regulate myofibrillar protein synthesis rates are assumed to be centered on anabolic pathways such as mTORC1 signalling (Abou Sawan et al. 2018) . We previously showed dysregulated mTORC1 signalling in muscles of obese vs. normal weight adults (Beals et al. 2016) . In particular, muscles of individuals with obesity demonstrated an increased relative content of total mTORC1 protein, and increased phosphorylation, compared to the NW adults. Here, we also observed elevated mTORC1 protein content and phosphorylation in the basal and fed-states in the OB group compared to the NW group. Indeed, when assessing the ratio of phosphorylation to total mTORC1 protein, there were no observed differences between the OB and NW groups (Figure 4 ), although these normalized data mask the aberrant mTORC1 signalling that occurred in obese vs. healthy-weight muscles. This notion is further emphasized by an obesity-related decrease in p70S6K phosphorylation in the basal-state and at 300 min of the exercise leg compared to the NW group (Figure 4) . Previously, it has been shown that the amplitude of increase in post-exercise p70S6K phosphorylation at Thr389 is sensitive to resistance exercise volume in normal weight adults (Terzis et al. 2010) . Moreover, it has been demonstrated that doubling the resistance exercise volume (six sets > three sets at 75% of 1RM) in older adults induces a more robust increase in p70S6K phosphorylation during post-exercise recovery (Kumar et al. 2012) . We also observed a blunted phosphorylation of 4E-BP1 at Thr37/46 in response to resistance exercise in people with obesity compared to their normal-weight counterparts (Figure 4 ). Although not a universal finding (Dreyer et al. 2006) , the phosphorylation state of 4E-BP1 is typically quite sensitive to resistance exercise in young adults (Kumar et al. 2009; Burd et al. 2010b; Vliet et al. 2017) . However, 4E-BP1 phosphorylation has also been shown to be blunted during recovery from resistance exercise (Kumar et al. 2009 ), which may partly explain the blunted myofibrillar protein synthetic responses to resistance exercise observed in these groups. Thus, we speculate that anabolic signalling mechanisms may be desensitized to exercise in obese muscles such that a higher threshold of volume may be required to restore the anabolic sensitivity of the muscle protein synthetic machinery.
The results from our laboratory ) and other previous studies (Reyna et al. 2008; Timmerman et al. 2016) have shown that individuals with obesity have elevated muscle TLR4 protein content. However, we did not observe this in the present study. In agreement with our previous studies, we observed an obesity-specific increase in muscle TLR4 protein content after protein-dense food ingestion. By contrast to our previous work , we observed no differences between groups in muscle MyD88, an adaptor protein downstream of TLR4 signalling. We also observed that total NF-κB protein content and phosphorylation state was similar among groups at basal and throughout the postprandial period, which was unaffected by acute resistance exercise. Our findings are in contrast to previous reports where older adults with altered post-exercise anabolic signalling also displayed elevated NF-κB phosphorylation at Ser468 (Rivas et al. 2012) . Furthermore, resistance exercise has been shown to suppress NF-κB phosphorylation in young untrained individuals (Rivas et al. 2012 ). In the present study, we observed a main effect of pork ingestion during the postprandial period in the EX and CON legs for increases in both total and phosphorylated NF-κB in both groups. However, the activation of NF-κB kinase did not interfere with anabolic signalling mechanisms or the stimulation of myofibrillar protein synthesis rates in the NW group. Thus, the role of activation of NF-κB signalling on the post-exercise skeletal muscle adaptive responses in young adults warrants further examination. Interestingly, we demonstrated that an acute bout of resistance exercise suppresses the feeding-induced increase in muscle TLR4 protein content in people with obesity. This receptor has been implicated in the development of insulin resistance (Shi et al. 2006) and reductions in TLR4 protein may be a mechanism for resistance exercise-induced increases in insulin sensitivity (Croymans et al. 2013) . Relatively few studies have attempted to capture the acute or prolonged effect of exercise on muscle TLR4 protein (Lambert et al. 2008; Ghosh et al. 2015; Li et al. 2015) . Twelve weeks of combined endurance and resistance exercise training has been shown to be more effective than diet-induced weight loss at reducing total muscle TLR4 protein content in older adults with obesity (Lambert et al. 2008) . In support, 16 weeks of aerobic exercise reduces muscle TLR4 protein in non-obese older adults to amounts that are similar to younger adults (Ghosh et al. 2015) . In the present study, we show that acute resistance exercise can modify and reduce total muscle TLR4 protein content in obese muscles. Certainly, more work is ultimately needed to determine how acute vs. chronic exercise modulates muscle inflammation in people with obesity and the associated phenotypic consequence.
There are conflicting results with regards to the effects of obesity on the stimulation of muscle protein synthesis rates in response to elevated plasma amino acid availability in the resting-state compared to normal-weight controls. By contrast to some prevous studies (Murton et al. 2015; Beals et al. 2016; Smeuninx et al. 2017) , but not all (Chevalier et al. 2015; Hector et al. 2015) , we showed that postprandial myofibrillar protein synthesis rates were stimulated in the CON leg of people with obesity. From a physiological perspective, several noteworthy differences exist between the obese group used in our present study compared to the OB group included in our previous investigations (Beals et al. 2016) . Specifically, we observed no differences in markers of low-grade systemic and muscle inflammation (fasting plasma CRP, as well as muscle TLR4 protein content and phosphorylation state of NF-κB, respectively) or plasma branched-chain amino acids concentrations between the NW and OB group in the present study. Elevated plasma BCAA concentrations have been shown to differentiate between metabolically healthy and unhealthy obese phenotypes (Bagheri et al. 2018) . Altogether, these studies highlight the notion that metabolic health varies within obese populations (Samocha-Bonet et al. 2014) and differences in volunteer characteristics may have contributed to the differential findings of the present study vs. our previous work (Beals et al. 2016) . Moreover, it is challenging to directly compare results from a unilateral exercise model (as used in the present study) vs. a study that was conducted in the resting-state (Beals et al. 2016) . Furthermore, volunteers consumed a single food source containing 36 g of protein and 4 g of fat in the present study. It is far more common to consume mixed meals within a normal eating pattern and, thus, understanding the potential anabolic action of mix meal ingestion and/or the impact of several meal-times throughout a more prolonged recovery on muscle protein synthesis rates with obesity is a logical progression for the field. Overall, our study design allowed us to clearly demonstrate that resistance exercise failed to augment postprandial myofibrillar protein synthesis rates within an acute meal setting in young adults with obesity. This anabolic defect manifested in participants with apparently normal fed-state myofibrillar protein synthesis rates in the CON leg compared to NW group.
In conclusion, we show that excess fat mass diminishes the interactive nature of feeding and resistance exercise on the stimulation of myofibrillar protein synthesis in sedentary young adults. We observed no defect in the stimulation of sarcoplasmic protein synthesis rates between obese and normal weight adults. This finding highlights the value of studying muscle protein subfractional responses in people with obesity. In addition, we show that muscle anabolic signalling mechanisms are also reduced in obese vs. normal weight adults. The focus of future research should aim to determine the influence of various exercise prescription manipulations (exercise mode, type, intensity, etc.) with respect to re-sensitizing the anabolic machinery and myofibrillar protein synthesis rates in people with obesity.
